DDC  FILE  COPVi  AD  A 05  4 6 6 4 


SECURITY  CLASSIFICATION  OF  THIS  HAGt  0*1*  Fnt.,.d) 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


REPORT  DOCUMENTATION  PAGE 


NT'S  CATALOG  NUMBER 


S.  TYPE  OF  REPORT  * PERIOD  COVER* 

Final  Report: 

1 Jul  71  - 31  Mar  78  ^ 


«.  TITLE  !«i d Submit) 


Deexcitation  of  Ionized  Atoms 


6 PERFORMING  ORC.  REPORT  NUMBER 


I CONTRACT  OR  GRANT  NUMBER!*.) 


7.  AUTHOR!*; 


DA-ARO-D-31-12U-71-G185  / 
DAHCOl*  7^  G 0137; 

DAAG29  76  G 0096;  77  G 0029 


Chr-nder  P.  Bhalla 


10  PROGRAM  ELEMENT.  PROJECT.  TASK 


9.  PERFORMING  ORGANIZATION  NAME  AND  ADORESS 


AREA  « WORK  UNIT  NUMBERS 


Kansas  State  University 
Manhattan,  Kansas  6650: 


17.  DISTRIBUTION  STATEMENT  (of  the  ebeirmct  entered  In  Block  30,  It  different  from  Report) 


It.  supplementary  NOTES 

The  findings  in  this  report  are  not  to  be  construed  as  an  official 
Department  of  the  Array  position,  unless  so  designated  by  other  authorized 
documents . 


It.  KEY  WOROS  (Continue  on  reveree  elde  It  neceeeery  mnd  Identify  by  block  number) 


Tons 

X-Rays 

Auger  Electrons 
Fluorescence  Yields 


Multiply  ionized  atoms 

Ionization 

Heavy-Ions 


[0.  ABSTRACT  (Continue  on  reveree  tide  If  neceeuery  md  Identify  by  block  number ) 


The  titles  of  publications,  technical  reports,  and  students  who  earned  degrees 
under  the  Grant  are  listed  for  the  final  report. 


EDITION  OF  I NOV  6S  IS  OBSOLETE 


Unclassified 


> .DEEXCITATION  OF  ^IONIZED  jVTOMS, 

Q)  Final  ieESt,  J.  7./"  3/ 


O chander  F Bhalla 


( iid!  1 May 


U.S.  Army  Research  Office 


5X5^ 


Research  Triangle  Park,  N.C.  27709 

<j3 ... 

Grant  No..  < DAAG29-77-G-/)029^  j Project  No.  P-9827-P 

Grant  No.  ✓ DAAG29-76-G-jW)96  1 Project  So.  P-9827-P 

Grant  No.  DAHC04-74-G-0137  Project  No.  P-9827-PH 

Grant  No.  DA-ARO-D-31-1241-71-G-185  Project  No.  P-9827-P 

^Kansas  State  University 
Department  of  Physics 
Manhattan,  Kansas  56506 


APPROVED  FOR  PUBLIC  RELEASE 
DISTRIBUTION  UNLIMITED 


/ 


ill 


Note:  The  findings  in  this  report  are  not  to  be  construed  as  an 

official  Department  of  the  Army  Position,  unless  so  designated 
by  other  authorized  documents. 


ACCESSION  Jof 

UTI*  White  Settled 

®UC  lull  Section  □ 

UNANNOUNCED 

JUSTIFICATION 


OIJTNIBUTION/AVAIUUUTT  CODES 
Bill.  AiAIL.  iim/cr  SPECIAL- 


s *!■ 


1.  Nonrelativistic  K- Shell  Auger  Rates  and  Matrix  Elements  for  4 £ Z £ 54, 

Atomic  Data  301  (1971). 

2.  Nonrelativistic  Auger  Rates,  X-Ray  Rates,  and  Fluorescence  Yields  for 

the  2p  shell,  Phys.  Rev.  £,  2164  (1971). 

3.  Inelastic  Energy  Loss  in  Small-Angle  Scattering  of  Energetic  Particles, 

Physica  60,  357  (1972). 

4.  Nonrelativistic  Fluorescence  Yields  for  the  3p  and  3d  Shells,  Phys.  Rev. 

A6,  1409  (1972). 

5.  Relativistic  HFS  Oscillator  Strengths  for  Indium  and  Gallium,  Nucl.  Inst. 

and  Methods,  110,  227  (1973). 

6.  Theoretical  K-Shell  Fluorescence  Yield  of  Multiply-Ionized  Neon, 

Phys.  Rev.  Lett.  j)0,  39  (1973). 

7.  Theoretical  K-Shell  Auger  Rates,  Transition  Energies,  and  Fluorescence 

Yields  for  Multiply- Ionized  Neon,  Phys.  Rev.  A A8,  649  (1973). 

8.  Effects  of  the  Configuration  Interaction  on  the  K-Shell  Auger  Spectrum 

of  Neon,  Phys.  Lett.  A44,  103  (1973). 

9.  Effects  of  Multiple  Ionization  on  K-Shell  Fluorescence  Yields,  Transition 

Energies  and  Intensity  Ratios  for  Argon,  Phys.  Lett.  45A,  19  (1973). 

10.  Production  of  Multiply-Ionized  States  of  Argon  in  Heavy-Ion  Collisions, 

Phys.  Lett.  45A,  123  (1973). 

11.  Multiple  Inner  Shell  Ionization  by  High  Velocity-Medium  Z Beams,  Phys. 

Rev.  A,  8,  2952  (1973). 

12.  K-Shell  Auger  Rates,  Transition  Energies,  and  Fluorescence  Yields  of 

Variously  Ionized  States  of  Argon,  Phys.  Rev.  A8,  2877  (1973). 

13.  Role  of  Coster-Kronlg  Transitions  in  Multiply-Ionized  States  Formed  in 

Heavy-Ion  Collisions,  Phys.  Lett.  A45,  53  (1973). 

4 


2 


Papers,  continued 


14.  Effects  of  the  Configuration  Interaction  on  the  K-Shell  Auger  Spectrum 

of  Neon,  Electronic  and  Atomic  Collisions  edited  by  B.C.  Cobic 
and  M.V.  Kurepe  (Institute  of  Physics,  Beograd,  Yugoslavia)  VIII 
ICPEAC  Abstracts,  738  (1973). 

15.  Dependence  of  K-Shell  Fluorescence  Yields  on  Multiplet  States  of  Neon, 

Phys.  Lett.  46A,  185  (1973). 

16.  De-excitation  of  Sulphur  L-Shell  Vacancies  Produced  in  Ion-Atom  Collis- 

sions  in  Solids,  in  Atomic  Collisions  in  Solids,  edited  by  Datz, 
Appleton  and  Moak,  Plenum  Press  (1975)  407. 

17.  Average  Fluorescence  Yields  for  Multiply- Ionized  Neon,  J.  Phys.  B Ji, 
a.  1200  (1975). 

18.  K-Shell  Auger  Rates  for  Multiply- Ionized  Atoms  I:  Neon,  J.  Electron 

Spectr.  1,  287  (1975). 

19.  Theoretical  Fluorescence  Yields  for  Neon,  Phys.  Rev.  A 12,  122  (1975). 

20.  Dielectronic  Satellite  Spectra  for  Highly-Charged  Helium-like  Ions, 

Mon.  Notices  Royal  Astronomical  Soc.  172,  359  (1975). 

21.  Multiplet  Fluorescence  Yields  for  Double  K-Shell  Vacancy  Configurations, 

J.  Phys.  B 8,  2787  (1975). 

22.  Fluorescence  Yields  and  Auger  Rates  for  Multiply-Ionized  Nitrogen, 

J.  Phys.  B 8,  2792  (1975). 

23.  Relative  Multiple  Ionization  Cross  Sections  of  Neon  by  Different 

Projectiles,  in  Beam-Foil  Spectroscopy,  ed.  I.  Sellin  and  D.  Pegg, 
Plenum  Press  (1976),  p.  629. 

24.  Theoretical  X-ray  Spectra  for  Double  Vacancy  in  2p  Shell  of  Argon, 

Int.  Conf.  on  the  Physics  of  X-ray  Spectra,  ed.  R.  D.  Deslattes, 
1976,  p.  344. 


3 


25.  Fluorescence  Yields  for  Multiply-Ionized,  Ions,  'Applications  of  Small 
Accelerators’,  IEEE  Proc.  414  (1977). 


2.  Technical  Report 


1.  Applications  of  Auger  Electron  Spectroscopy, 

C.P.  Bhalla  and  A.  Schmiedekamp,  August,  1976. 


3.  Students  Degrees  Awarded 


(a)  O.L.  Walters  obtained  Ph.D.  degree 

(b)  M.  Hein  obtained  M.S.  degree 


4.  Brief  Outline  of  Research  Findings 


Extensive  calculations  of  the  Auger  rates,  x-ray  rates  and  fluorescence 
yields  for  single  vacancy  in  Is  shell,  2p  shell,  3p  shell  and  3d  shell  were 
completed. 

Theoretical  expressions  for  the  Auger  rates  of  various  spectroscopic  terms, 
designated  by  quantum  numbers  a L S,  were  derived  for  single  and  double  K- 
vacancy  configurations  of  neon- like  atoms.  Calculations  of  the  Auger  rates, 
x-ray  rates  and  multiplet  fluorescence  yields  were  completed  for  neon  and 
nitrogen.  The  x-ray  transition  energies  were  also  calculated.  The  signifi- 
cance of  the  present  calculations  is  that  an  atom  with  a double  K-shell  vacancy 
populates  nonstatistically  the  final  states  with  a single  K-shell  vacancy. 

Some  of  these  final  states  are  metastable  and  have  nanosecond  lifetimes. 
Therefore,  it  may  be  feasible,  at  least  in  principle,  that  one  can  produce 
large  numbers  of  atoms  (in  such  metastable  states  with  a single  K-vacancy) 
which  result  from  the  decay  of  double  K-shell  vacancy  states.  More  compre- 
hensive work  both  theoretical  and  experimental  involving  ion-atom  collisions 
would  be  required  to  establish  the  feasibility  of  x-ray  lasers  along  the  lines 
suggested  here. 

A technical  report  entitled  "Applications  of  Auger  Spectroscopy", 
contains  a description  of  the  various  application  and  references. 
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